Experimental data pn stability failures of thin spherical-shell metal windows show that the windows fail at approximately one-third the pressure calculated by the classical theory of S. Timoshenko. The experimental data are seen to compare closely with the results calculated by the newer theories
In order to reduce the beam attenuation, it was desirable to make these windows as thin as possible. Consequently, they were designed using the classical theory of stability failure of S. Timoshenko. 1 Figure 2 shows a thin spherical shell subjected to a uniform external pressure, P. At a certain critical pressure, P , the shell becomes unstable and large defercr mations occur. According to Timoshenko, the value of P at which this cr buckling should occur is:
,where 
Upon trial the windows failed at approximately one-third the expected value of P As a consequence, a series of tests was made in which the cr parameters of thickness and spherical radius were changed. The data obtained from these tests revealed that the buckling load is only one-third to one -fourth that calculated by Timoshenko' s equations. The experimental results were found to be consistent with the newer theories of Von Karman and Tsien.
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The mechanism of stability or buckling-type failures in a shell or structure may be under stood by an examination of the energy in the structure.
For a system to be in stable equilibrium, the total energy of the system must be a minimum; that is, there must be no deflected position of the structure in which the total energy of the structure is less than in the undeflected position.
This can be simply demonstrated by considering a vertical-beam column. Let AV be the strain energy of bending of the column, and AT denote the work done by the load in bending the column. The column will be stable if AV -AT) 0. In other words, more energy is required to bend the beam than is released by the loss in potential energy because of the weight moving downward. It can therefore be seen that more energy is required to keep the beam in its deflected shape than in its undeflected shape.
If unrestrained, the beam will snap back into its normal undeflected position when the load is removed. By similar reasoning it can be seen that the condition for instability is that i::N -.6.T <O, because less energy is required to keep the beam deflected than undeflected. In this case the beam will continue to deflect until such a position that the beam is again in stable equilibrium, if such occurs before complete collapse.
It is seen from the above that the criterion for incipient failure is AV = .6.T. This case is commonly known as neutral stability. If expressions for the energy are written in terms of the critical load, the criterion AV =
AT can be used to find the load at which buckling occurs. In an actual shell having initial imperfections in shape and which is subjected to vibration and shock, point A might never be reached.
Instead, the failing load noted in the laboratory actually corresponds to the minimum load at point B.
If it can be shown that there are shapes not far from the spherical which involve a lower level of energy, and that the shell jumps to these positions before the peak at point A is reached, then a more reasonable is more difficult to assess. A somewhat different effect has been observed by the present author. Some of the experimental shells failed along the sloping sides, and in general, the buckle was not rotationally symmetrical.
A possible explanation of this phenomenon lies in the fact that some of the shells were spun from flat sheet stock. The deepest draw was in the sloping sides, which reduced the thickness in this area by about 10%. The critical load would be felt in this portion of the shell before it was felt at the center of symmetry. Assumption {d) probably has little effect.
Another new theory of failure was derived by Hsue-Shen Tsien, 3 using as a basis the paper which he co-authored with Von Karman, 2 as well as a later work by K. 0. Friedrichs. 4 The result of Tsien' s solution gives the following equation:
This equation is plotted in Fig. 5 . This plot is analogous to Fig. 4 . It is interesting to note that the minimum point in Fig. 4 , which was the basis of the solution by Von Karman and Tsien, is missing in Fig. 5 . ----·- 
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Equations· 5 and 6 are· plotted agai·nst the dimensionless ratio j3 2 R/t' for
given values of 'l.t/R. A minimum point for u 1
R./Ef is found and is iabeie-d
-icrlR/Et~: These values of <Tcr.tR/Ef.ar~ plotted as a function of R/l.t in Fig. 6 with corr~spond~ng. <T crZR/E.E.
EXPERIMENTAL RESULTS
The experimental arrangement for te.sting the ~ydrogen-tank windows is shown in Fig. 7 , and for testing the vacuum-jacket windows in Fig. 8 . The loading of the shell was accomplished by hydrostatic pressure controlled by a valve. A Bourdon gage gave pressure indications. In general, the procedure was to increase the pressure until the first buckle was noted; This 'is referred to as the "failing load 11 in Table I , which summarizes the experimental results.
Figures 9, 10, and n are photographs of the shells.· Figure: 12 gives the dimensions of each shell.
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.018 Table I Experimental Results and Calculations Table I is higher in all cases than the actual failing load,
The influence of initial imperfections is also shown in Table I 
